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Abstract 

Background: Over the past decades site-directed mutagenesis (SDM) has become an indispensable tool for 
biological structure-function studies. In principle, SDM uses modified primer pairs in a PCR reaction to introduce a 
mutation in a cDNA insert. Dpnl digestion of the reaction mixture is used to eliminate template copies before 
amplification in £ coli; however, this process is inefficient resulting in un-mutated clones which can only be 
distinguished from mutant clones by sequencing. 

Results: We have developed a program - 'SDM-Assist' which creates SDM primers adding a specific identifier: 
through additional silent mutations a restriction site is included or a previous one removed which allows for highly 
efficient identification of 'mutated clones' by a simple restriction digest. 

Conclusions: The direct identification of SDM clones will save time and money for researchers. SDM-Assist also 
scores the primers based on factors such as Tm, GC content and secondary structure allowing for simplified 
selection of optimal primer pairs. 
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Background 

The ever-increasing quality of DNA proof-reading poly- 
merases has facilitated numerous PCR-based approaches 
for mutating wild type DNA sequences. Several different 
approaches for site-directed mutagenesis (SDM) have 
been suggested and successfully established (for review, 
see [1]). One of the fastest and most reliable approaches 
is the QuickChange™ (Stratagene, La Jolla, USA) method 
in which two overlapping oligonucleotides are directly 
used in a PCR reaction using a plasmid-based gene as 
template [2,3]- Simple transformation of the resulting 
PCR product in E. coli allows isolation of the mutated 
DNA. Prior to transformation in E. coli, digestion with 
Dpnl (NEB, Hitchin, UK), an enzyme that degrades 
methylated DNA, is needed to reduce the amount of 
wild type template. However, this digestion is often in- 
complete and traces of template result in recovery of 
wild type plasmids that can only be distinguished from 
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mutant DNA through sequencing, a time- and cost- 
intensive process. In addition, hemi- methylated DNA 
deriving from chimeric plasmid formation of mutated 
and wildtype single strand DNA is hardly digested 
through Dpnl under normal circumstances [4] . 

Despite the common notion that Dpnl digestion is suf- 
ficient to eliminate the wild type plasmid DNA, an 
evaluation of all mutated clones generated through SDM 
in the past five years in our lab (more than 100 different 
constructs) revealed that a rescue of 20-30% of 
un-mutated, wildtype plasmids after Dpnl digest is 
inevitable. To circumvent this problem researchers have 
chosen to additionally introduce a restriction site 
through silent mutations in the DNA sequence [5-10]. 
This unique identifier allows fast and reliable determin- 
ation of mutated clones facilitating pre-selection of 
clones to be sent for sequence verification; however, de- 
signing primers manually to such an extent is cumber- 
some and time-consuming. Given that SDM primers are 
long, it is critical to have the best possible thermo- 
dynamic characteristics (such as GC content, melting 
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temperature (Tm), etc.) to ensure that they would work 
successfully in an SDM reaction. 

There is web-based software available to design SDM 
primers; there is also software available that scores 
designed primers on the basis of their thermodynamic 
characteristics to help the researcher choosing the best 
match. However, there is no single programme that 
incorporates both these functions in a user friendly 
way and in addition allows introduction of a unique 
identifier. 

Implementation 

SDM-Assist overview 

The program is implemented in Adobe AS3 language 
which compiles into an Adobe AIR package. The main 
advantage of this choice is the cross-platform compati- 
bility of Adobe AIR. Thus, the application can leverage 
the platform s native application programming interfaces 
(APIs) for reading file/clipboard contents as well as writ- 
ing and opening the results with the platforms default 
file editors. It also allows us to provide the user with an 
intuitive graphical user interface (GUI) which supports 
drag and drop functionality for most actions. The pro- 
gram allows the user to generate all possible combina- 
tions of sequences containing the desired mutations. In 
a further step the user can then narrow down to a single 
sequence that is used as the basis for the downstream 
primer creation. At the same time the program lists all 
physical properties of the DNA sequence that are rele- 
vant for optimal primer design such as melting 
temperature, number of nucleotides exchanged, GC con- 
tent and more. The researcher thus has access to all the 
details required to select a desirable sequence without 
having to transfer the results to another application for 
further processing. 

Algorithm 

The algorithm consists of multiple steps. Each step is 
optimized to allow the generation of all the results very 
quickly (optimally less than a second for up to 50 bp se- 
quences with multiple mutations and existing RE sites). 
In contrast, the same process carried out by hand would 
take much longer and is potentially prone to human 
error. The optimizations are at various steps of the 
process as follows: 

a) Introducing a mutation: 

The program provides the flexibility of specifying 
just the amino acid required for mutation. Since the 
genetic code bears some level of redundancy (e.g. 
serine can be represented by six different codons), 
the program generates all possible candidate 
sequences in the first selection step. In case of more 
than one mutation being introduced, the candidate 



list contains all possible permutations using all 
possible codons for all mutations, (e.g. two serine 
mutations will result in thirty-six candidates). 

b) Restriction site search and replace: 

The program searches for existing restriction sites 
and assigns replacements with the least number of 
nucleotide changes. This is carried out in two steps: 
For searching the restriction sites, the program uses 
the native regex search functionality of AS3 
language. To eliminate the restriction site, the 
program identifies the codons over which the 
restriction site is spread and then performs a best 
match replacement which takes into account the 
number of nucleotide changes and also the GC 
content (for equal number of changes) to arrive at 
the best replacement. The program also optimizes 
removal of overlapping restriction sites by going for 
the least number of changes that eliminate both 
restriction sites. 

c) Insertion of restriction sites: 

The last step of the algorithm inserts restriction sites 
to provide a unique identifier for mutagenised 
clones. The program uses a reverse sliding-window 
approach for the insertion. While all prior actions 
are performed on a nucleotide-based string, this 
operation requires a conversion back to amino acid- 
based strings. The palindromic restriction site 
sequence is converted into multiple amino acid 
sequences. For example a six nucleotide restriction 
site which is not in-frame can be represented as 
NN/NNN/N where N can be A, T, C or G. The 
total number of sequences that can contain the 
restriction site is sixty-four. These sixty-four 
sequences can code to different amino acid 
sequences. More combinations arise when the 
sliding window moves the restriction site start away 
from the open reading frame. The algorithm then 
searches for insertion locations by matching the 
generated amino acid sequences within segments of 
the candidate sequence. For each match found, the 
algorithm inserts the specific restriction site at the 
exact location as nucleotides, thus keeping the 
original amino acid sequence intact. By converting 
nucleotide sequences back into amino acid 
sequences, the search is simplified and shortened to 
smaller strings and thus speeding up the search 
process. 

d) Scoring: 

The scoring step assigns scores to all generated 
primers as an additional level of filter criteria for the 
user. Seven parameters are included for the scoring 
and are assigned different weights. These parameters 
are GC content (2x weight), nucleotide changes (3x 
weight) and melting temperature (Tm), 3'-GC 
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content, 3'- and 5'- AG and repeats (lx weight). Each 
parameter accounts for 100 points at its optimal 
value which are a Tm between 66-74°C, an overall 
GC content between 40-60%, a 3'-GC content of 
50%, an unstable 3'-end (3'-AG values of -4.74 to 
-5.62 kCal/mol), a stable 5'-end (5'- AG values of 
-13.50 to -12.62 kCal/mol), no repeats and a minimum 
of 2 nucleotide changes. In theory, the weighted score 
can result in a maximum score of 1000 points and 
would equal 100% in the scoring column. 

Results and discussion 

We have developed a standalone program that designs 
and evaluates SDM primers within seconds. Primer de- 
sign is based on an optimised strategy using partially 
overlapping primer pairs which increases the likelihood 
of primer-template annealing over primer self- annealing, 
hence, significantly enhancing the outcome of the SDM 
[11-13]. The main feature of the program, however, is 
the introduction of new or removal of previous restric- 
tion sites thereby adding a unique identifier to each mu- 
tation. This is useful to distinguish between wild type 
and mutated sequence in general but it also allows dif- 
ferentiating between different point mutations of the 
same wild type gene in particular. The age of recombina- 
tional cloning allows researchers to maintain their 
genes-of-interest in cloning vectors ("Entry vectors") 
from which, through simple one-step recombination re- 
action, the gene can be transferred in any other expres- 
sion vector [14]. Creating many different point mutants of 
the same gene may increase the risk of contaminations 
through human error in subsequent cloning reactions. 
Recombined clones derived from sequence-verified Entry 
clones do not need another round of sequence verification 
since no further PCR amplification is needed, hence a 
unique restriction site specific for each mutation would 
serve as a simple and reliable identifier. 

To our knowledge, there are only three oligonucleotide 
design programs that allow introduction of a "silent" re- 
striction site during SDM primer design. SILMUT [15] 
was designed in 1992 and The Primer Generator [16] 
appeared in 1999. We could not find a working link for 
SILMUT which was intended as a web-based applica- 
tion, while The Primer Generator, designed as a 
standalone executable, is limited to a DOS-based text- 
entry intensive interface lacking any of the features of a 
modern GUI. Therefore we were unable to compare the 
performance of these programs to SDM-Assist. In 2005, 
however, a Java applet called SiteFind was published [5]. 
This web-based tool allows the input of just about 400 
nucleotides of DNA, albeit not via copy and paste func- 
tionality. The user is presented with all three potential 
reading frames to choose from and via double-clicks on 
the desired amino acid can replace it with the desired 



mutation. The next screen allows exclusion/addition of 
restriction sites to include in the screening procedure 
and on the final page the nucleotide sequence is given 
including the restriction site that was introduced. Com- 
pared to SiteFind, SDM-Assist can handle a variety of 
methods of selecting the input sequence (copy&paste, 
drag&drop, etc.). It can easily handle inputs up to 40,000 
nucleotides. Hence, SDM-Assist overcomes the limita- 
tion of SiteFind that prevents the user of entering a 
whole gene thereby reducing the length of the tool-chain 
(where the researcher uses different software to perform 
different steps of the oligonucleotide design process). 
Additionally, SDM-Assist also allows the manipulation 
and mutation of the input sequence in a user-friendly 
format and helps in designing the primers and calcula- 
tion of their thermodynamic parameters. SiteFind appar- 
ently lacks these features and its output is limited to 
merely suggesting a potential mutation in a sequence, 
not presenting the actual oligonucleotide. 

It is possible to scan a primer to incorporate "silent" 
restriction sites using an online tool called Watcut 
(http://watcut.uwaterloo.ca/). The programme available 
on the Website of the University of Waterloo identifies 
restriction sites created by any number of mutations 
using all commercially available type II restriction en- 
zymes and calculates the Tm for the primer. However, it 
does not give the option to silently mutate out an 
existing restriction site nor is it a one-stop shop for 
SDM primer design. 

SDM-Assist, however, overcomes the drawbacks of 
existing software. Once the DNA sequence is pasted 
(See Figure 1A) it automatically gets translated into an 
amino acid sequence including a ruler for easier identifi- 
cation of target sites. Simple drag and drop allows 
choosing which amino acid is to be replaced with which 
(See Figure 1A, black arrow). In addition, right-click on 
any amino acid switches through the different codons of 
that particular amino acid. Choosing this option forces 
the program to use the desired codon when including 
the mutation (in case a certain codon bias is desired). It 
should be noted that additional mutations, even silent 
ones, might influence expression efficiency of the pro- 
tein depending on the organism or system used. For fur- 
ther convenience the researcher can choose which 
restriction enzymes should be used by simply selecting 
from a list (See Figure 1A, right). It is also possible to 
add a user-defined list of restriction enzymes by drag- 
ging and dropping of a text-based file that contains the 
name of the restriction enzyme followed by its recogni- 
tion sequence (tab or space delimited). Clicking the mu- 
tagenise' button opens a new window that gives a pre- 
evaluation of the sequence around the mutation(s) (See 
Figure IB). It also highlights potential restriction sites 
that were present or new ones that can be introduced. 
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SDM-Assist 



No. 


Sequence Type 


Codon Sequence 


BpChg 


Comments 


0 


Original 


ACCACTGTTGGTTATGGTGATCTGCAT 


0 




1 


Mutated 


ACCACTGTTGCTTATGCTGATCTGCAT 


2 


2 


Mutated 


ACCACTGTTGCCTATGCTGATCTGCAT 


3 


3 


Mutated 


ACCACTGTTGCA CTGATCTGCAT 


3 


RE 


sites : 


Ndel @11 


4 


Mutated 


ACCACTGTTGCGTATGCTGATCTGCAT 


3 


5 


Mutated 


ACCACTGTTGCTTATGCCGATCTGCAT 


3 


6 


Mutated 


ACCACTGTTGCTTATGCA GCAT 


3 


RE 


sites : 


Bglll @18 
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Mutated 


ACCACTGTTGCTTATGCGGATCTGCAT 
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ACCACTGTTGCCTATGCCGATCTGCAT 
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Figure 1 (See legend on next page.) 
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(See figure on previous page.) 

Figure 1 Screenshots of SDM-Assist while creating primers to mutate the Arabidopsis potassium channel AKT1. (A) Dragging and 
dropping of Alanine onto the Glycine residues at position 255 and 257 (black arrow) of the AKT1 sequence creates a stretch of 9 amino acids 
(below, "Mutated site") that includes Alanine (orange) instead of Glycine (yellow) residues. Pressing the "Mutagenise" button opens a new 
window (B) that includes all possible nucleotide sequences derived from those 9 amino acids. The table highlights the mutated nucleotides in 
red and resulting palindromes which create a restriction site in green. The user has to choose one of the mutated sequences and press the 
button "primerise" to get a list of potential primers (see Table 1). 



The researcher is required to choose one of the se- 
quences from which potential primer pairs will be calcu- 
lated (See Figure IB, line 3, highlighted in blue). 
Clicking the primerise' button will open a detailed list 
of possible oligonucleotides based on the pre-selected 
sequence (Table 1). This list can be saved as Excel or 
tab-separated text file by pressing either of the two cor- 
responding buttons (See Figure IB, bottom). This also 
resets the program and a new round of primer design 
can be started. 

Evaluation of primers is based on a positive scoring 
system taking physical properties (Tm, GC content, 573' 
stability, repeats [17,18]) as well as methodical require- 
ments (palindromes, mismatches) of the oligonucleo- 
tides into account. Physical primer properties have been 
carefully revised adding a maximum of one hundred 
points for ideal values in each category and stepwise de- 
duction of points for less optimal values. To counterbal- 
ance for methodical requirements of SDM where 
primer- template interaction is pivotal, GC content is 
weighed twice as strong and nucleotide mismatches 
three times as strong as other variables. A total of one 
thousand points (=100%) are possible for the perfect pri- 
mer. For example, as SDM is based on mismatching 
primers which naturally would devalue a potential score, 
nucleotide mismatches of just one or two do not lead to 
a deduction of points. Three to four or five to six mis- 
matches lead to a deduction of fifty or eighty points, re- 
spectively. More than seven mismatches are penalized 
with zero points and devalue a primer significantly (30% 
in total) as this category is weighed three times. This, 
however, guarantees that a primer with too many mis- 
matches, which would undoubtedly lead to failure in a 
subsequent SDM reaction, is neglected by the researcher 
because of its weak score. The scoring system thus as- 
sists in selecting a primer pair that is more likely to give 
a successful SDM reaction. 

To test the functionality of the program and the feasibil- 
ity of a "silent" restriction site, we have mutated the 
Arabidopsis thaliana potassium channel AKT1 [19]. The 
GYG signature sequence in the pore domain of potassium 
channels is vital for ion permeability [20]. We have tested 
the program through addition of two different mutations 
in this region: (i) a single mutation, Glycine 255 to Threo- 
nine (G255T) and (ii) a double mutation of both Glycines 
to Alanine (G255A; G257A). Primers with the highest 



score were chosen for SDM and yielded successfully mu- 
tated clones (See Figure 2 A and B). These were analysed 
through restriction digest and sequence verification (GATC 
Biotech AG, Konstanz, Germany). Correctly mutated con- 
structs were recombined in yeast expression vectors [21] 
and transformed in the K + -deficient yeast strain SGY1528 
[22]. Growth under K + -limiting conditions demonstrated 
that the introduced mutations successfully rendered the 
channels dysfunctional (See Figure 2C). 

The objective of SDM-Assist is to simplify, shorten 
and error-proof the process of generating SDM 
primers while giving the researcher the ability to com- 
pare and choose between multiple alternative primers 
in an efficient manner. SDM-Assist also helps shorten 
the tool-chain used to select the primers. SDM-Assist 
fully supports drag and drop functionality and is well 
suited for touch-screen based devices. For the future, 
we envision a service based approach where the final 
selected sequence could be directly sent to the oligo- 
nucleotide supplier of choice thus enabling a seamless 
experience. Additional desired features comprise the 
ability to customize the scoring algorithm, save customised 
restriction site lists and user preferences. However, as of 
now, the absence of these features doesn't hinder 
SDM-Assist from performing its primary objective to 
design functional SDM oligonucleotides including unique 
identifiers. 

Conclusions 

There is an abundance of primer design software available 
some of which even allow the design of SDM primers. 
However, to our knowledge, SDM-Assist is the first stand- 
alone primer software that features the inclusion of a "si- 
lent" restriction site and a scoring algorithm for output 
primers. The software is compatible for both major operat- 
ing systems Windows (XP and higher) and MacOS (10.6 
and higher); primers are evaluated, scored and provided 
alongside their physical parameters in an output Excel or 
text-based file. With its overall intuitive and up-to-date de- 
sign SDM-Assist will help researchers to save time and 
money when designing primers and performing SDM. 

Material and methods 

Plasmids, oligonucleotides and strains 

As template for the SDM reactions we used the con- 
struct pDONR207-AKTl [6]. The oligonucleotides to 



Table 1 Primer output sheet 



No. 


Orientation 


Primer (5'-3') 


Score [%] 


nt changes 


Tm [°C] 


nt 


GC% 


3'AG 


5'AG 


Runs 


Rep. RE sites 


3' GC% 


Comments 


1 


Forward 


ACCACTGTOCATATGCTGATCTGCATCC 


69 


3 


72.16 


29 


48.28 


-8.07 


-7.71 


0 


0 1 


50 


RE sites: Nde\ @1 1 


2 


Forward 


ACCACTGTOCATATGCTGATCTGCATCCT 


70 


3 


72.75 


30 


46.67 


-7.72 


-7.71 


0 


0 1 


50 


RE sites: Nde\ @1 1 


3 


Forward 


ACCACTGTOCATATGCTGATCTGCATCCTG 


69 


3 


74.64 


31 


48.39 


-8.2 


-7.71 


0 


0 1 


75 


RE sites: Nde\ @1 1 


4 


Forward 


ACCACTGTOCATATGCTGATCTGCATCCTGT 


64 


3 


75.06 


32 


46.88 


-7.96 


-7.71 


0 


0 1 


50 


RE sites: Nde\ @1 1 


5 


Forward 


ACCACTGTOCATATGCTGATCTGCATCCTGTG 


66 


3 


76.82 


33 


48.48 


-6.85 


-7.71 


0 


0 1 


50 


RE sites: Nde\ @1 1 


22 


Reverse 


GCAGATCAGCATATGCAACAGTGGTOGAGTAG 


73 


3 


70.8 


33 


45.45 


-5.5 


-8.27 


0 


0 1 


50 


RE sites: Nde\ @10 


23 


Reverse 


TGCAGATCAGCATATGCAACAGTGGTOGAGTAG 


73 


3 


72.58 


34 


44.12 


-5.5 


-8.65 


0 


0 1 


50 


RE sites: Nde\ @1 1 


24 


Reverse 


ATGCAGATCAGCATATGCAACAGTGGTOGAGTAG 


73 


3 


72.64 


35 


42.86 


-5.5 


-8.52 


0 


0 1 


50 


RE sites: Nde\ @12 


25 


Reverse 


GCAGATCAGCATATGCAACAGTGGTOGAGTA 


68 


3 


70.2 


32 


43.75 


-5.48 


-8.27 


0 


0 1 


25 


RE sites: Nde\ @10 


26 


Reverse 


TGCAGATCAGCATATGCAACAGTGGTOGAGTA 


68 


3 


72.04 


33 


42.42 


-5.48 


-8.65 


0 


0 1 


25 


RE sites: Nde\ @1 1 



Only the first five Forward and Reverse primers are shown. The program offers a total of 21 Forward and 21 Reverse primers. The output table contains the physical properties of calculated oligonucleotides which are 
used as a basis for the scoring algorithm, (see Text for details). 
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AKT1-G255T 



251 252 253 254 255 256 257 258 259 



B 



G255T 

A B 



G255A;G257A 

1kb+ C D 



CTAACCACTGTTGGTTATGGTGATCTG 
5 ' -ACCACTGTTACGTATGGTGATCTGCATCC - 
- GAT GAGAT TGGT GAC AAT GC AT ACC AC T AGAC G - 5 ' \ 



/ 



AKT1-G255A:G257A 



252 253 254 255 256 257 258 259 260 




ACCACTGTTGOTTATG^TGATCTGCAT 



ApaLI/SnaBI 



ApaLI/Ndel 



0.1 0.01 



|~5' -cactgttgIcatatgctgatctgcatcctg - 
-gagattggtgacaacgtatacgactagacgt-5 ' \ 



Ndel 




ApaLI 



AKT1 



in pDONR207 (5944bp) 

H H 



AKT1 



AKT1-G255T 



AKT1-G255A;G257A 



AKT1 



AKT1-G255T 



(2610) 



ApaLI (1789) 




AKT1-G255A;G257A 

+ 0.5mM K + 

Figure 2 Mutating the pore domain of the Arabidopsis potassium channel AKT1 and functional consequences in vivo. (A) Wild type 
AKT1 in the Gateway® Entry vector pDONR207 is used as template for SDM of the GYG-motif within the pore-domain of the voltage-gated 
potassium channel AKT1 which is critical for formation of the channel-pore. SDM-Assist suggested primers for a single mutation of the Glycine 
255 to Threonine adding a SnaB\-s\Xe, and for mutating both Glycines to Alanine introducing an Ndel site within the gene. Both restriction sites 
were absent in the wild type sequence. (B) DNA restriction analysis of randomly picked colonies after SDM (for PCR conditions, see Material and 
methods) demonstrates that distinction between wild type (lane 1 and 4) and mutated sequences (lane 2 and 3) becomes easily possible 
through the addition of a restriction site: an additional band appears in mutated plasmids (arrows). Sequence verification (trace file) is 
incorporated in (A). (C) Functional consequence of the single or double mutation: The yeast strain SGY1528 [22] which is disrupted in potassium 
uptake can only grow on high K + -medium (+100 mM) or on low K + -medium (0.5 mM) if an exogenous K + transporter (such as wild type AKT1) is 
expressed. Disruption of the GYG-motif in the mutant AI^1-G255T and G255A;G257A renders the channel dysfunctional on low K + -medium, the 
yeast fails to grow. Equal amounts of yeast were dropped as dilution series on CSM-Leu", His", Trp" media with final potassium concentrations of 
100 mM or 0.5 mM. Growth on plates with high K + -concentration was monitored after 2 days and on low K + -plates after 8 days at 30°C. AKT1 
and mutants were expressed using the yeast vector pMetYC-Dest [21]. 



mutate this plasmid were designed using SDM-Assist. 
For the single site mutation of the Glycine residue 255 
to Threonine the sequences 5'-ACCACTGTTGCATAT 
GCTGATCTGCATCC and 5'-GCAGATCAGCATATG 
CAACAGTGGTTAGAGTAG (see Table 1, No. 1 & 22) 
were chosen. For the double mutation of the Glycine 
residues 255 and 257 to Alanine we used 5'-CACTG 
TTGCATATGCTGATCTGCATCCTG and 5'-TGCAG 
ATCAGCATATGCAACAGTGGTTAGAG, respectively. 
Plasmids were recovered and amplified in E. coli strain 



Top 10 (Life Technologies, Paisley, UK). For the yeast 
complementation assay mutated and wildtype AKT1 in 
pDONR207 was recombined using LR clonase II (Life 
Technologies, Paisley, UK) into yeast expression vector 
pMetYC-Dest [21]. 

PCR conditions and recovery of plasmids 

The SDM reaction was set up in two individual reactions 
one for each primer (0.3 [iM final concentration). The 
reactions were set up in KOD Hotstart buffer and a final 
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concentration of 0.2 mM each dNTP, 2.25 mM Mg , 
5% DMSO, 20 ng template DNA and one unit of KOD 
Hotstart Polymerase (Merck, Darmstadt, Germany). An 
initial 95 °C denaturation for two minutes was followed 
by cycles of 30 seconds denaturation at 95°C, one mi- 
nute annealing at 55°C and synthesis of six minutes (one 
minute per kbp) at 70°C. After twelve cycles the two in- 
dividual reactions were pooled and subjected to another 
15 cycles of 30 seconds of denaturation at 95°C and 
seven minutes of synthesis at 70°C omitting an individ- 
ual annealing step to increase specificity of primer tem- 
plate binding. The PCR reaction was followed by an 
overnight digestion at 37°C through addition of 2 ul 
(4000 units) of Dpnl (NEB, Hitchin, UK). 5 ul of the 
PCR reaction were subsequently transformed in E. coli 
strain ToplO. Ten colonies per plate were isolated and 
analysed via restriction digest and sequencing (GATC 
Biotech, Konstanz, Germany). 

Yeast complementation assay 

The yeast strain SGY1528 [22] was transformed using 
the Lithium acetate/PEG/ssDNA method as described 
previously [23]. A pool of 5-10 transformed colonies was 
grown overnight at 30°C in complete supplement media 
containing 100 mM K + , but lacking Leucine, Tryptophan 
and Histidine (CSM-L",W",H"). The optical density of 
cells was adjusted to an OD 600 of ten. 5 ul of yeast cells 
in a decade-decreasing dilution series of OD 600 10, 1, 0.1 
and 0.01 were spotted on solid CSM-L",W",H" media 
with the addition of either 100 mM K + (growth control) 
or 0.5 mM K + . Growth of yeast colonies was monitored 
after one week of incubation at 30°C. 

Availability and requirements 

Project name: SDMAssist 

Project home page: http://www.psrg.org.uk/sdm-as- 
sist.html 

Operating system(s): Platform independent (Tested 

for Mac OS 10.6, Windows XP and above) 
Programming language: ActionScript AS3 
Other requirements: Adobe AIR 2 or higher (http:// 

get.adobe.com/air/) 
License: Non-commercial use only. [CC BY-NC-ND] 
Any restrictions to use by non-academics: Contact 

authors for permission. 
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